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Abstract  Aimed at the difficult problem of segmented telescope co-phasing, a method of co-phasing error
measurement based on dispersed fringe sensing technology is proposed. According to the detecting principle of the
dispersed fringe sensing technology, an optical imaging model of dispersed fringe sensor is introduced. The
simulation study is carried out on the computer. An auxiliary scheme called dispersed Hartmann measurement is
brought out to solve the problem that dispersed fringe sensing algorithm loses efficiency under the near co-phasing
condition. Simulations are also made to verify the feasibility of this method. By combining the two methods ,
dispersed fringe sensor can detect piston error under the range of =60 pm in the visible waveband, and the detecting
accuracy can achieve 2/10. Besides, the impacts of various factors on the detection accuracy have been analyzed in
quantity. And solutions such as the fringe windowing, multi-trace and enhancing wavelength calibration accuracy are
put forward to improve the dispersed fringe sensing technology performance. An advanced algorithm is also
presented to make the method less sensitive to calibration errors. The results show that the proposed method can
effectively detect piston error with high precision, no blind area and extremely wide range. It can be widely applied
in the coarse co-phasing calibration and phasing control for space and ground based segmented mirror telescopes.
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Fig. 1 Model of double hemicycle diffraction
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Fig. 2 Double hemicycle diffraction pattern with various phase differences
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Table 1 DFS measured results of different piston errors
Nominal value /pm Piston detected /pm Detection error /pm
0.5 0.612 0.112
1.0 0.977 —0.023
5.0 5.008 0. 008
10.0 10.012 0.012
20.0 19. 985 —0.015
30.0 30.023 0.023
40.0 40. 030 0. 030
50.0 49,957 —0.043
60.0 60. 058 0.058
70.0 70.071 0.071
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90.0 90. 108 0.108
100.0 100. 123 0.123
0.20 1.0
0.15F = 09r
§. 0. 10;' . . ?.. 0.8+
PR 5 0.7+
B 0057 ¢ A B =
O B T N T E 050
L R ' R =
g |- 3L
] -0.10p - . : 2 0.2}
-0.15 "+ ¢ . 0.1+
_0.20 1 I 1 I 1 1 1 1 I O 1 1 | 1 1 I 1 1 Il
~100 -80 -60 -40 -20 0O 20 40 60 80 100 -100 -80 -60 -40 -20 O 20 40 60 80 100

Fig. 9 Fringe visibility with respect to piston errors
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Table 2 DFS measured results with different dispersion angles

Dispersion angle /(%)

Piston detected /pm

Detection error /pm

0 10.012 0.012

10 9. 986 —0.014

20 10.019 0.019

30 10. 027 0.027

60 9. 904 —0.096

—60 10.073 0.073
—30 10. 020 0.020
—20 9. 985 —0.015
—10 10. 008 0.008
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Schematic drawing of the fringe nominal extraction position and perturbed extraction position
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3 DES

Table 3 DFS measured results of single-trace and multi-trace

Single-trace Multi-trace
Nominal value /pm Piston detected /um  Detection error /um  Piston detected /um  Detection error /um
0.5 0.632 0.132 0.621 0.121
1.0 0.977 —0.023 0. 981 —0.019
5.0 5.008 0.008 5.009 0. 009
10.0 10.012 0.012 10. 008 0.008
20.0 19. 985 —0.015 20.013 0.013
30.0 30.023 0.023 30.017 0.017
40.0 40. 030 0.030 40. 020 0.020
50.0 49. 957 —0.043 49. 968 —0.032
60.0 60. 058 0.058 60.029 0.029
70.0 70.071 0.071 70.042 0.042
80. 0 79.921 —0.079 79.943 —0.057
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Fig. 16 Contrast of piston detection errors between single-trace and multi-trace
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Table 4 DFS measured piston error results of different angles with signal axis drifting off nominal extraction axis
Deviate angle /(°) Piston detected /pm Detection error /pm
0 5. 009 0. 009
1 4.919 —0.081
2 4. 837 —0.163
3 4.753 —0. 247
4 4. 667 —0.333
5 4.579 —0.421
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Table 5 Advanced DFS measured piston error results of different angles with signal axis drifting off nominal extraction axis

Deviate angle /(°)

Piston detected /pm

Detection error /pm

0 5.009 0. 009
1 4.974 —0.026
2 4.967 —0.033
3 4. 961 —0. 049
4 4,948 —0.052
5 4.936 —0. 064
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